This paper proposes a hybrid controller to improve the low-voltage ride-through ability of the grid-connected wind energy conversion system. The hybrid controller is the joined execution of the ant-lion optimizer with the recurrent neural network called the ant-lion recurrent neural network. At voltage drop and fault conditions, the proposed control technique guarantees the low-voltage ride-through ability of the wind energy conversion system. The ant-lion optimizer in the perspective of objective function approach will be utilized in the offline manner to distinguish the optimal solutions from the accessible looking space and it makes the training dataset. Identifying the low-voltage ride-through ability, the ant-lion optimizer method considers voltage, current, and real and reactive power. Using these parameters, the objective function of the ant-lion optimizer strategy is described and explained. The recurrent neural network predicts the best possible control signals of grid-side and generator-side converters in light of the achieved dataset. The proposed method is utilized for system regulation and instability problem of voltage amid the fault conditions. In this way, the system's low-voltage ride-through capability is upgraded and besides, the many-sided quality is diminished with the help of the proposed strategy. By applying the comparative investigation with the existing approaches, the proposed control procedure is actualized in the MATLAB/Simulink working stage and the performances are assessed.
Introduction
At present, a major issue is to fulfil the power demand in view of increasing usage and developing energy demand. The developing energy demand fundamentally influences the electric utilities and end-users. 1 Renewable energy sources (RESs), such as wind, PV, biomass, hydro, and co-generation, are utilized, which are essential for encountering power. A standout among the foremost encouraging RESs over the globe is the wind energy conversion system (WECS). 2, 3 For the purpose of limiting the environmental impact on the standard plant, there is a necessity to coordinate the renewable energy such as the wind energy into facility. 4, 5 Here, the mechanical or electrical power is derived from the wind energy. To make electricity, the WECS changes the wind of kinetic energy into mechanical energy, which is further utilized. 6 Because of their effortlessness, low power, and minimal effort, the outline emulators of wind turbine, including the set of motor-generator (M-G) pair, variable loads, and control systems, which work with the attributes of wind turbine such as speed and power, are often utilized. 7 Within the grid, the balance between the load of the system and the generation of power should be preserved. The important check within the grid operation and management is due to the closeness of intermittent state of wind power (WP) generation. 8, 9 A specialized test is introduced in the joining of existing power system with the wind energy. It requires control of voltage, stability, and power quality (PQ) issues. Low-voltage ride-through (LVRT) ability is one of the difficult issues for the wind system operation.
Distribution and transmission network operation is enormously influenced by the LVRT issue. Throughout the short main voltage drop or a principle disappointment condition, the LVRT mirrors the capacity of wind turbine to stay associated with the grid. 10, 11 Amid the season of fault, the grid voltage is dropped keeping in mind the end goal to avoid significant faults. For the faulty grid condition, it is similarly urgent that the wind farm works effectively to repay that the farm remains on the web. For the wind farm to deal with the blame condition, it is important to shield the gadgets. To unravel the LVRT issues in past situations, the flexible AC transmission system (FACTS), such as static VAR compensator (SVC) and STATCOM with energy storage devices and synchronous compensator (STATCOM), is used. [12] [13] [14] [15] With the accomplishment of WECSs, the fuzzy logic controller (FLC)-, artificial neural network (ANN)-, and optimization strategiesbased control approaches have been utilized. This is straightforward and hearty against varieties of parameters; however, the frequency of the converter switching generally fluctuates due to active and reactive power variation function. [16] [17] [18] Controlling the reactive power flow to check the active WP voltage fluctuation impacts either through control of the wind generator converters or traditional relief of WP flash seriousness. 19, 20 In this paper, a hybrid controller (ant-lion recurrent neural network (ALRNN)) is presented for the enhancement of LVRT ability of the WECS. The aim of the proposed control technique is to guarantee the LVRT capacity in the WECS at voltage drop and fault conditions because the ant-lion optimizer (ALO) does not require many parameters to alter. It is a gradient-free and populace-based calculation, so nearby optima shirking is inherently high. At voltage drop and fault conditions, the proposed control technique ensures the LVRT ability in the WECS. The remainder of this article is systematized as follows. The literature survey and the background of the literature are described in section 'Recent research works: a brief review'. In sections 'Modelling and controlling of permanent magnet synchronous generator-based WECS' and 'The proposed methodology of WECS', a brief overview of the proposed strategy is provided. In section 'Results and discussion', the computer simulation results for system under study are presented and discussed. Finally, section 'Conclusion' concludes the paper.
Recent research works: a brief review
Various methods have been proposed in the most recent decade to optimize the power extracted from WECS. Utilizing distinctive forms of WECS, the fault protection schemes were examined and the upgrading of LVRT ability within the line during fault condition was pointed out by Howlader and Senjyu. 21 To upgrade the LVRT ability of doubly fed induction generator (DFIG), a functioning crowbar assurance (ACB_P) framework was depicted by Swain and Ray, 22 and it additionally enhances the PQ of the system. Not at all like the conventional crowbar (CB) was the protection scheme outlined with the resistor in series of capacitor and it having resistors as it were. The fundamental fitness functions of the recommended approach were as follows: rotor fault current magnitude minimization, constant maintenance of DC-link voltage, crowbar execution time reduction to avoid DFIG and rotor-side converter (RSC) disconnection, short circuit response of change in the terminal voltage, and dynamic response improvement in DFIG. To enhance the LVRT ability of DFIG, Naderi et al. 23 explored about a novel DC-link switchable resistivetype fault current limiter (SRFCL). In RSC of DC side, the SRFCL was utilized. The procedure solves crowbar protection activation issues and dispenses with DFIG framework resulting complexities. The SRFCL does not have any critical effect on the general DFIG performance amid normal operation. As far as possible, the rotor over-currents as well as averts acceleration of rotor speed, and notwithstanding amid zero grid voltage, it confines oscillations because of high torque, as prescribed by some grid codes at whatever point the fault happens.
To enhance the fault ride-through (FRT) capability, another current-limiting methodology was proposed by Baghaee et al. 24 Besides, for the protection contemplate of droop-based control, a generalized fault model was introduced, which directly contemplated to the voltagecontrolled inverter-interfaced distributed energy resources (DERs). The impact of control framework from top to bottom was not considered in the already detailed fault models. A complementary stabilizing control loop with an enhanced hierarchical droopbased control scheme was exhibited. Rashid and Ali 25 discussed a few DFIG-based wind farms for the ability of system's stable activity with upper penetration of wind generation. With the grid codes, to guarantee the stable operation of power grid, FRT capability was a forced necessity. To assist the accomplishment of DFIG-based wind farms that increased the FRT capability, a fuzzy logic controlled parallel resonance fault current limiter (FLC-PRFCL) was portrayed.
Motivation for the research work
The review of the recent research work exhibits that, the LVRT issues at all levels of WP system have ended up being more complex. This LVRT expression throughout a little voltage drop and fault conditions mirrors the wind turbine capacity to stay related with the grid. Furthermore, a noteworthy issue is that the device's security present in the wind turbine requires LVRT capability. Recently, different methodologies are displayed for the LVRT capacity of the wind turbine. The power electronic-based FACTS devices such as SVC, STATCOM, and STATCOM with energy storage devices have been used as the fruitful answer for improving the LVRT capacity of the wind system. These devices are organized to compensate the source current and load voltage imperfections. They can remunerate an extensive variety of voltage perturbations such as unbalance, harmonics, flickers, swells, and sags and current perturbations such as current unbalance, reactive current, and harmonics. In any case, the cost of foundation and bolster FACTS devices and energy storage devices is high. In this way, there are a couple of procedures such as FLC and ANN, and numerous optimization techniques have been recommended for LVRT ability, without FACTS and energy storage system (ESS) for the WECSs. The FLC conspire task depends on the logical rules, which in turn depend on the historical dataset. The ANN is a machine-learning process; yet, the learning procedure does not thoroughly obliterate the continuous parameter varieties. These methods are especially understandable and have non-sensible arrangements with diminished trustworthiness for the wind farms. Not many works are acquainted to handle this issue, and the proposed works are insufficient. These downsides have motivated to do this research work.
Modelling and controlling of permanent magnet synchronous generator-based WECS
The mathematical modelling of permanent magnet synchronous generator (PMSG)-based WECS and the control scheme are explained in this section. The PMSG-WECS with power converter unit using pulse width modulation (PWM) module has been detailed in Figure 1 . The generator is coupled to the grid, and using the grid-side converter (GSC), the DC-link voltage is controlled. During the fault conditions, the continuous connection of the wind turbine unit leads to an increase in DC-link voltage and it sends the more active power to the grid, which is not suggested. Normally, an increase in generator speed increases the DC-link voltage but it has been controlled with the help of exchanging the control rules of two converters. Meanwhile, the PMSG power is controlled using GSC. The positive sequence along with the negative sequence orientation frames is applied in the dual current controllers of GSC for unbalanced conditions of the grid. The effectiveness of the proposed control algorithm in the PMSG-based WECS operation is validated through simulation results.
Mathematical modelling of PMSG-based WECS
In this section, the wind turbine and the PMSG mathematical modelling are described. In the following section, the mathematical calculation of wind turbine is explained.
Modelling of wind turbine. The mathematical model of wind turbine is formulated according to aerodynamics. The wind extracted power P wind is derived as follows
here, the density of air is indicated as r air (kg/m 3 ), the swept area of blade as A s (m 2 ), the coefficient of power conversion as P coeff (u, c), and the speed of wind as N w (m/s). The coefficient of power conversion is a tip speed ratio function (TSR, u). The pit angle is represented as c, and the equation for the TSR is as follows
where the rotational speed is represented as v r and the radius of the blade is set as R. The power in the turbine is determined by the power conversion coefficient and the TSR if the swept area, density of air, and speed of wind are maintained as constants. The TSR and the power conversion coefficient depend on the aerodynamic characteristics of the wind turbine.
Modelling of PMSG. The d-q synchronous axis organizes the voltage balance equations of PMSG, which is represented below. Equivalent circuits of PMSG are shown in Figure 2 . 
here, the stator resistance is indicated as r s , the d-axis stator current as i d , the electrical angular speed as e, the d-axis inductance as L d , and the q-axis stator cur-
here, the q-axis inductance is represented as L q and the magnetic flux as u f . For the generator with surfacemounted permanent magnets, the d and q axes inductance are same. Electromagnetic torque t e is formulated as follows
where p is the number of poles.
Control strategy
In this section, the grid facet PWM convertor control theme and also the generator facet convertor control theme are presented. The generator aspect device is equated within the incidental section. The control illustration of the system aspect PWM device is represented in Figure 3 .
Generator-side converter control scheme. The control block diagram of generator-side converter is displayed in Figure 3 . The state equation for single-input single-output (SISO) can be depicted as
here, x is the stator vector, c i is the control input, g and f are the n-dimensional smooth vector fields, and h is the smooth scalar function. where v wind is the wind turbine speed and v dc is the control input for system design methodology. So as to understand the direct procedure, the yield y is for the distinction 
here, the first-order Lie derivative h(x) with f is indicated as l f h (x) and the first-order Lie derivative h(x) with g is indicated as l g h (x). The Lie derivatives are equated as follows
The feedback law is mathematically derived as follows
where e i is the equivalent input. With the aim of excluding and decreasing the steady-state error of the system, Equation (11) can be presumed from the proportionalintegral (PI) control
here, the reference value is indicated as y ref , and g 1 and g 2 are the adjustable gains.
Grid-side converter control scheme. The control block diagram of grid-side converter is displayed in Figure 4 . When the rated power is more than the wind turbine power P t , the reference of rotor speed v Ã wind can be derived as follows
The reference of rotor speed v Ã wind can be obtained according to Equation (12) for the maximum power point tracking (MPPT). So, on building the generation system, the grid-side demand of active power ensures the generator rotor adds the most effective reference when the speed of the rotor is greater than 1 per unit and v Ã wind is set as 1.
The proposed methodology of WECS
In WECS, the LVRT issues have turned out to be more complex. This LVRT term reflects the wind turbine capacity to stay associated with the grid throughout a little voltage drop and fault conditions. In addition, an important issue is that the device's security present in the wind turbine requires LVRT capability. An ALObased recurrent neural network (RNN) learning phase is implemented here to predict the optimal parameters. The ALO dataset is trained by the RNN using the target values of the parameters. In light of the accomplished dataset, the RNN predicts the best possible control signals of the GSC and RSC. The input dataset consists of voltage, real and reactive power, and current which trains the RNN. According to the fault conditions, the proposed technique optimizes the control signals of the generator-side and grid-side PWM converters and hence it regulates the system and voltage instability problem, respectively. For training the neural network, the ALO technique is adopted. 
Generation of dataset using ALO technique
The function of ALO algorithm is the populationbased arbitrary inquiry methodology. With the hunting of ants, it is propelled and the ant lions are found in nature by other prey. In the ALO algorithm, over the pursuit space ants are look specialists which wind and to trap and consume the ants, at that point, the ant lions can delve the pits in the ground. The hunting limit of ant lion is reflected and then the enhanced rendition of the objective function is illustrated. By viewing their affiliations, the hunting of ant can be appreciated by ant lion. With the ant and ant lion, the various advances taken in the midst of six operations of chasing are described for the ALO system. The enhancement is fabricated on the premise of these activities. Between the wonders of natural hunting, the ALO algorithm sets up an analogy, where a couple of rules are connected. As per this article, the ALO technique is executed for the control signals of the machine-side and grid-side PWM converter optimization. Although ALO algorithm is executed as the global search optimization, the progression method of the recommended algorithm is immediately cleared up as it takes after the following.
Random walk creation of ants. The ant random walk is shaped as follows
here, the cumulative sum is represented as csum, the maximum number of iteration as m, and the step of arbitrary walk as n. The stochastic function r(n) is represented as
The normalized random walk is kept within the search space, and the equation is formulated as follows
here, the arbitrary walk of the ith variable (minimum) is represented as b i , the ith variable at tth iteration (maximum) as s i , the minimum of ith variable at tth iteration as d t i , and the random walk in the ith variable (maximum) as a t i . The voltage, real and reactive power, and current values are given as the algorithm input. K p and K i values are initialized as the random generation of gain of PI parameters.
Step 1. Pits of ant lion's pitfall Traps of ant lions affect the indiscriminate walks of ants. The mathematical model is assumed with Equation (16)
here, the minimum of all variables at tth iteration is represented as s t and the maximum of all variables at tth iteration as d t .
Step 2. Constructing pitfall Use of roulette wheel with the end-goal to show the searching capability of ant lion is resolved. As per their fitness, the ALO algorithmic rule has to use a roulette wheel operator amid optimization for selecting ant lions. For the fitter ant lions, this system offers higher possibilities to urge ants.
Step 3. Sliding ants concerning ant lion Ant lions are fit for constructing pitfall with respect to their fitness. Notwithstanding, ant lions shoot soil outward the pit once they comprehend that an ant is in trap. This direct trap slides the ant down endeavouring to get away. In such a manner, the following conditions are compared.
Step 4. Hunting of prey and reconstruction of pit
The point when an ant reaches the pit base the most and is trapped in the jaws of ant lion is the last advance of hunting. At that point, with the ant lion inside the sand, the ant hauls and expends. For implementing this method, it is assumed that prey hunting happens when ants turn out to be fitter than its ant lion. The situation of ant lion is refreshed by taking the ant's position as devoured, or in other words, the odds of catching new prey. In such a manner, the following condition is advertised
here, the current iteration is t, the position of the selected jth ant lion at tth iteration is represented as antlion t j , and the position of ith ant at tth iteration is indicated as ant t i .
Step 5. Evaluation of fitness
In this progression, the fitness function is portrayed to restrict the voltage error, current error, and real and reactive power error in the perspective of LVRT capability enhancement in WECS. The fitness function is delineated in the following condition
Step 6. Elitism
The best position of ant lion is saved as elite at each stage to preserve the obtained best solution. To influence each ant movement, the ant lion of elite is considered. By roulette wheel, the elitism supposed that each random walk of ant around a ant lion particularly and concurrently elite is as follows
where the location of ith ant at tth reiteration is represented as ant t i , the random walk around the ant lion designated using roulette wheel at tth reiteration is represented as rw t antlion , and the random walk around the elite at tth reiteration is specified as r t elite .
Step 7. Final process Until the minimum error value or the maximum number of iterations is reached, repeat the process. The best value of the optimization process is represented as Error best and (K p K i ) best . The best dataset of the optimization parameters is defined as follows In this way, the best combination of voltage, real and reactive power, and current of the RES can be illustrated. Once the previously mentioned process is finished, the controller can be utilized to decide the optimal control signals that are dependent on the input parameters. The ALO algorithm approximates the global optimum of optimization problems based on the following characteristics:
1. The optimization process involved in the ALO algorithm is simple as compared with other conventional optimization techniques, because it does not require many parameters to alter in the optimization process; 2. The ALO calculation is a gradient-free calculation and thinks about the issue as a black box; 3. ALO is a populace-based calculation, so nearby optima shirking is inherently high; 4. Calculating random walk for every ant and every dimension promotes diversity in the population; 5. The power of ants' development is adaptively diminished through the span of emphases, which ensures the convergence of the ALO calculation.
The above said characteristics of ALO assure better performance. The ALO-based RNN method is utilized to predict the best possible control signals of the GSC and RSC. The dataset generation flowchart of the ALO algorithm is shown in Figure 5 . At that point, the procedure for prediction of the RNN has been illuminated in the subsequent section.
Prediction procedure of optimal control signals using RNN In this portion, using the RNN system, the optimal control signals are predicted, which tackles the foundation of a procedure to a synthetic neuron integer and incorporates a human brain. The possible neurons consolidate the internal associations, and in the RNN, every neuron obtains inputs with integer value, contingent upon the RNN foundation assignment results at the neuron output stage. [26] [27] [28] The mission for learning is resolved within the structure that is seen as preparation prevalence. In the RNN strategy, three layers are used: the input layer, the hidden layer, and the output layer. The input layer includes the actual value and the reference value of voltage, current, and real and reactive power. The output layer contains the management signal for procuring the best management pulses. The course of action of the RNN is presented in Figure 4 and also the training procedure is processed within the subsequent portion.
Learning process of RNN. The gradient descent supervising learning is used for training the RNN amid the end of the initialization process. Here, the determination is same as that of the back propagation algorithm. Utilizing the training datasets ensures x 3 bc , x 2 b , and x 2 ab , which is the weight alteration of the RNN. The chain rule is employed by each error level of parameters which is figured and updated. The pre-eminent standard of direct learning calculation is to limit the mistake at work, which is illuminated in the consequent condition
here, the error function is indicated as e, the reference value as q ref , and the actual value as q a . The computation of error and weight update is illuminated in the following section.
Step 1. Updating weight
To modernize the weight of x 3 bc , this level is utilized. By the resulting condition, the modernized weight is indicated as
here, the parameter adjusting learning rate W bc is i bc and the instantaneous weight equation is derived as follows
where the error term y c is represented as
Step 2. Updating x 2 b and x 2 ab This level brings out procedure for reproduction, and W 2 b and W 2 ab modernized regulation is specified by the subsequent equations
here, the instant weight is estimated in the following equations
with i b and i ab as the learning charge for correspondingly formulating the limitation W 2 b and W 2 ab ; W 2 b , W 2 ab , and W bc are the limitations for modification. We can get a learning algorithm that obliges e to zero.
Once the technique is done, the RNN is set up to create the optimal control pulses of the grid-side and generator-side converters. Prediction method of RNN strategy is delineated in Figure 6 . The proposed methodology is completed in the MATLAB/Simulink arrangement; the proposed method fitness experimental results are contrasted and the different existing techniques are portrayed in section 'Results and discussion'. 
Results and discussion
In this section, the projected technique results are introduced and also the totally different existing algorithmic programme is represented. The projected technique stood out from the other resolution techniques and is actualized in the MATLAB/Simulink operating stage with the top goal to demonstrate the projected approach fitness. At present, the voltage and real and reactive power of the grid area unit are coordinated using the projected procedure. The investigation of the input and the output parameters of the generator facet and also the grid facet device area unit is quickly depicted here. The proposed ALO algorithm has been applied for the LVRT capability enhancement, and its results were compared with the hybrid adaptive neurofuzzy inference system (ANFIS) algorithm 26 available in the literature. The performance analysis of the projected approach is discussed below.
Performance analysis
In this section, the performance analysis of the proposed approach with various solution procedures is contemplated. Here, the input parameters are investigated and the results of the comparison of yield parameters are additionally illustrated. Amid fault condition, the specific disturbance and the few varieties of the input parameters are contemplated. At that point, the investigation of the implementation of the proposed technique is contrasted and the solution techniques are base case, genetic algorithm-particle swarm optimization-adaptive neuro-fuzzy inference system (GA-PSO-ANFIS) method.
Here, the WECS of wind speed is represented in Figure 7 . Due to wind variation, the speed of the wind with a time interval is observed. At time interval t = 0-0.5 s, the wind speed changed from 12.05 to 12.38 m/s. The DC-link voltage investigation is shown in Figure 8 . The investigation of DC-link voltage is differentiated among three diverse arrangement strategies. Amid the fault time from this figure, it may very well be seen that a DC-link voltage with substantial deviation is observed in the DC-link capacitor which may be harmful. The acceptable operation range of the DC-link capacitor is 0.86-1.14 per unit. Figure 9 demonstrates the analysis of grid current. Here, the analysis of grid current is contrasted and three different strategies are implemented. Figure 9 (a) demonstrates the grid current with time (seconds). The simulation results of Figure 9 (a) demonstrate that if the grid current is in normal condition, then the system is in normal state, but due to the interruption of current, the system goes to unstable state. The waveform demonstrates that, at the time interval of t = 0.2-0.32 s, the current is in abnormal condition due to the variation in load. Figure 9 (b) demonstrates the grid current of GA-PSO strategy with time (seconds). The simulation results show that if the grid current is in normal condition, then the system is in normal state, but due to the interruption of current, the system goes to unstable state. The waveform demonstrates that, at the time interval of t = 0.2-0.31 s, the current is in abnormal condition due to the variation in load. Figure  9 (c) demonstrates the grid current of the proposed technique with time (seconds). The simulation results show that if the grid current is in normal condition, the system in normal state, but due to the interruption of current, the system goes to unstable state. The waveform demonstrates that, at the time interval of t = 0.2-0.30 s, the current is in abnormal condition due to the variation in load. In this manner, the simulation results demonstrate that the proposed method can accomplish optimal LVRT.
The analysis of grid voltage is shown in Figure 10 . The figure is delineated with various strategies. Figure  10 (a) demonstrates that, for the grid voltage in base case, the voltage drops at the time interval of 0.21-0.35 s in phases A, B, and C. The fault exists at 0.21 s, and afterwards, the voltage gradually recovered. Figure  10 (b) demonstrates that, for the grid voltage in GA-PSO strategy, the voltage drops at the time interval of 0.20-0.33 s in phases A, B, and C. The fault occurs at 0.20 s, and afterwards, the voltage gradually recovered. Figure 10 (c) demonstrates that, for the grid voltage in the proposed method, the voltage drops at the time interval of 0.19-0.32 s in phases A, B, and C. The fault exists at 0.19 s, and after that, the voltage recovered step-by-step. Figure 11 demonstrates the analysis of grid-side real power. Prior to the dips in the voltage, the grid-side real power is balanced and stable. Once the grid fault occurs at the time instant of 0.23 s, the grid-side power decreases, and at that point, the control approach quickly diminishes the generator-side output power with the end-goal to keep the system in stable state. Figure 11 (a) demonstrates the base case of real power. At the time instant of 0.2 s, the dip in the voltage makes the real power unstable. Figure 11(b) demonstrates the GA-PSO strategy for real power. At the time instant of 0.22 s, the dip in the voltage makes the real power unstable. Figure 11 (c) demonstrates the proposed method of real power. At the time instant of 0.21 s, the dip in the voltage makes the real power unstable. The voltage dip in the grid is controlled by the proposed method to keep the system in stable state. Figure 12 demonstrates the analysis of grid-side reactive power. Prior to the dips in the voltage, the grid-side reactive power is balanced and stable. Once the grid fault occurs at a time instant, the grid-side power diminishes, and at that point, the control procedure quickly diminishes the generator-side output power with the end-goal to keep the system in stable state. Figure 12 voltage makes the reactive power unstable. Figure 12 (c) demonstrates the proposed method of reactive power. At the time instant of 0.20 s, the dip in the voltage makes the reactive power unstable. The occurrence of voltage dip in the grid is very well controlled by the proposed method to keep the system in stable state. Figure 13 demonstrates the comparison analysis of the DC-link voltage of the proposed method with the existing techniques. The graph in Figure 13 shows the DC-link voltage of base case, GA-PSO-ANFIS, and the proposed method. The comparison analysis demonstrates that the DC-link voltage of the proposed technique gives the optimal control strategy to accomplish LVRT capability. Figure 14 demonstrates the comparison analysis of the grid-side real power of the proposed strategy with the existing techniques. The graph in Figure 14 shows the grid-side real power of base case, GA-PSO-ANFIS, and the proposed method. The comparison analysis demonstrates that before the voltage dips, the grid-side real power is balanced and stable. Once the grid fault occurs at a time instant, the grid-side power reduces, and afterwards, the control approach quickly diminishes the generator-side output power with the end-goal to keep the system in stable state.
From the above-mentioned data, we can see that the proposed technique has the high ability to accomplish LVRT. Figure 15 demonstrates the comparison analysis of the grid-side reactive power of the proposed technique with the existing techniques. The graph in Figure  15 shows the grid-side reactive power of base case, GA-PSO-ANFIS, and the proposed method. The comparison analysis of the control action performance presented in Table 1 demonstrates that before the voltage dips, the grid-side reactive power is balanced and stable. Once the grid fault occurs at a time instant, the grid-side power starts to decline, and after that, the control strategy quickly diminishes the GSC output power with the end-goal to keep the system in stable state. From this, we can see that the proposed technique has the high ability to accomplish LVRT. 
